Adrenocorticotropin hormone (ACTH)-dependent Cushing's syndrome is most often due to a pituitary corticotroph adenoma, with ectopic ACTH-secreting tumors representing approximately 15% of cases. Biochemical and radiological techniques have been established to help distinguish between these two entities, and thus aid in the localization of the neoplastic lesion for surgical resection. The test that offers the highest sensitivity and specificity is bilateral inferior petrosal sinus sampling (BIPSS). BIPSS is an interventional radiology procedure in which ACTH levels obtained from venous drainage very near the pituitary gland are compared to peripheral blood levels before and after corticotropin hormone (CRH) stimulation. A gradient between these two locations indicates pituitary Cushing's, whereas the absence of a gradient suggests ectopic Cushing's. Accurate BIPSS results require hypercortisolemia to suppress normal corticotroph ACTH production and hypercortisolemia at the time of the BIPSS to assure excessive ACTH secretion. In some cases, intrapituitary gradients from side-to-side can be helpful to localize small corticotroph adenomas within the sella. BIPSS has rare complications and is considered safe when performed at centers with experience in this specialized technique. 
T HE EVALUATION OF A PATIENT WITH Cushing's syndrome requires a systematic approach. Following the establishment of pathologic hypercortisolemia and adrenocorticotropin hormone (ACTH) dependence, the source of ACTH excess is determined. This is essential because cure depends on surgical removal of the tumor. Neoplastic causes of excess ACTH include, in descending order of prevalence, pituitary corticotroph adenomas, ectopic ACTH-secreting tumors, or very rarely ectopic corticotropin releasing hormone (CRH)-secreting tumors. Methods to distinguish between these entities have evolved and will be discussed below. Table 1 lists the biochemical tests that have been most carefully examined for their usefulness in distinguishing between pituitary and ectopic ACTH hypersecretion.
The tests shown in table 1 rely on the assumption that although they are autonomous neoplastic lesions, pituitary corticotroph adenomas retain at least partial responsiveness to suppression by elevated glucocorticoid levels or stimulation by CRH or desmopressin, and conversely that ectopic ACTH-producing tumors do not have such regulation. While this is generally true, variability in the responsiveness of both types of tumors underlies the lack of 100% accuracy with these tests. For instance, some corticotroph adenomas, particularly macroadenomas, are not suppressed by high-dose glucocorticoids (1) , and some are not stimulated by CRH; whereas some ectopic ACTH-secreting tumors show suppression by glucocorticoids and/or stimulation by CRH (2) .
Pituitary imaging does have a role in determining the cause of ACTH hypersecretion; however, certain caveats must be considered. Incidental pituitary lesions are relatively common in the general population (3) and thus a small lesion does not assure a pituitary source of ACTH. Conversely, the absence of a lesion on pituitary imaging does not rule-out a pituitary source, as many corticotroph adenomas are very small and undetectable by MRI (4) . The size at which a pituitary lesion is nearly certain to be a corticotroph adenoma, rather than an "incidentaloma," is a matter of controversy. While the presence of a pituitary macroadenoma (i.e. lesion ≥ 10 mm) in the setting of ACTH-dependent Cushing's syndrome likely represents pituitary Cushing's, some suggest that lowering the lesion size cut-off to > 6 mm prevents unnecessary BIPSS procedures without a significant sacrifice in specificity (5) .
The characteristics of the tests above have been previously well described in the differential diagnosis of Cushing's syndrome. High dose dexamethasone suppression testing continues to be used frequently to distinguish between ectopic and pituitary Cushing's; however reports of low sensitivity (65-100%) and specificity (60-100%), make this test insufficient as a sole means to indicate surgery (2, 6) . The peripheral CRH stimulation test has been reported to have a sensitivity that ranges from 70-93% and a specificity of 95-100% (7) . BIPSS series show the following ranges: sensitivity of 88-100% and specificity 67-100% (2, 7, 8) .
The choice of testing protocol used to distinguish pituitary from ectopic Cushing's varies by institution and depends on many factors including accessibility of the specialized BIPSS interventional radiology technique, financial considerations, availability of CRH, and sensitive MRI radiology equipment. Some centers support a step-wise approach by performing the less invasive high dose dexamethasone suppression and peripheral CRH stimulation tests first. It has been reported that concordant positive results for both of these tests predicts pituitary Cushing's with 98% accuracy. However, 18 to 65% of pituitary Cushing's patients do not have concordant results and additional testing, usually BIPSS, is the next step for diagnosis (9) . Due to the relatively high percentage of patients that will not be accurately diagnosed with these less invasive procedures, some centers proceed directly to BIPSS after the establishment of ACTH-dependent hypercortisolemia.
BIPSS RATIONALE
ACTH-dependent Cushing's syndrome is defined as the presence of normal or elevated levels of ACTH in the setting of hypercortisolemia. The presence of detectable ACTH in the systemic circulation does not
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Arq Bras Endocrinol Metab 2007;51/8 (11, 12) . Initial investigations compared unilateral inferior petrosal ACTH levels to peripheral blood levels. However, it was later established that ACTH levels in venous drainage from the pituitary may be asymmetric, either due to corticotroph adenoma location or anatomical variation. Pituitary venous drainage is usually ipsilateral, so that venous effluent on the contralateral side, relative to the corticotroph adenoma, may not have high ACTH values. In addition, some patients have asymmetric venous anatomy. Thus, simultaneous measurements from both inferior petrosal sinuses are necessary to avoid a falsely negative evaluation in the setting of a pituitary corticotroph adenoma (12) . The technique has therefore been termed bilateral inferior petrosal sinus sampling (BIPSS).
The success of BIPSS is dependent on the suppression of the normal corticotrophs in the pituitary gland by the longstanding hypercortisolemia associated with Cushing's syndrome. This prevents basal ACTH release or CRH-stimulated ACTH release by normal pituitary corticotrophs. Suppression of the normal cells ensures that any measurable plasma ACTH in the samples has been secreted by neoplastic tissue. The magnitude and duration of hypercortisolemia required to fully suppress normal corticotrophs is unknown. In normal individuals without hypercortisolemia, ACTH levels may be high due to normal pulsatile corticotroph ACTH release, and normal corticotrophs respond to stimulation by CRH. This leads to absolute ACTH levels and central to peripheral ACTH ratios, obtained via BIPSS, in the same range as seen in true pituitary Cushing's disease (figure 1) (13). Thus, in the absence of sustained hypercortisolemia (to suppress normal corticotroph function), a central to peripheral ACTH gradient, identical to that seen in pituitary Cushing's, may occur. This means that the diagnosis of Cushing's syndrome (i.e. endogenous cortisol excess) must be established before performing BIPSS. In addition, the patient must be hypercortisolemic at the time of the BIPSS and not controlled with medical therapy or adrenalectomy. Confirmation of hypercortisolemia with a 24-hour urine cortisol or late-night salivary cortisol measurement performed immediately prior to the BIPSS procedure is important.
BIPSS ANATOMY
Miller and Doppman (14) provide a detailed description of the venous anatomy and technique of bilateral inferior petrosal sinus sampling (figure 2). In the majority of individuals, each inferior petrosal sinus narrows to become a vein (approximately 2 mm in diameter) that empties directly into the ipsilateral internal jugular vein. In approximately 25% of people, the drainage of the inferior petrosal sinus is a plexus of channels emptying into the internal jugular vein. In a small percentage of individuals (0.6-7%), there is no connection between the inferior petrosal sinus and the internal jugular vein, making standard sampling impossible (14, 15) . In approximately 60% of individuals, pituitary venous drainage is symmetric (16) , with the majority of the venous effluent from each side of the pituitary draining into the ipsilateral inferior petrosal sinus (14) . Thus, the location of a corticotroph tumor within the sella can affect the levels of ACTH in pituitary venous drainage on that side. In some cases, this can assist in lateralization of the tumor and is the rationale for calculating an interpetrosal gradient between left and right sides. More importantly, this explains the necessity to catheterize both inferior petrosal sinuses, as the contralateral side, relative to the tumor, may have ACTH levels similar to the periphery. This could mistakenly lead to misclassification as an ectopic ACTH source if only the contralateral side was sampled. Table 2 outlines the basic procedure for performing BIPSS. The details of catheter choice and radiographic technique are beyond the scope of the current review and interested readers are referred to the interventional radiology literature (14) .
BIPSS PROCEDURE
The patient is placed in the supine position on the fluoroscopy table. Each groin is prepared in sterile fashion for intravenous access. The femoral vein is cannulated, guide wire inserted, and then needle and wire are exchanged for a venous sheath and this is repeated
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States on the opposite side. Catheters are then advanced from the groin to each inferior petrosal sinus. Usually heparin is infused before catheters are advanced. Correct catheter placement is confirmed by injection of contrast dye and fluoroscopic imaging assessment. Occasionally, it is not possible to perform BIPSS via a femoral approach (due to inferior vena cava filters, thrombosis, aberrant anatomy, or inability to cross the internal jugular valve) and other access, such direct internal jugular access is used. After the correct placement of catheters, simultaneous blood samples are obtained from each of the three ports (peripheral, left inferior petrosal sinus, and right inferior petrosal sinus). After obtaining baseline samples (usually 2 sets of baseline samples are obtained), CRH is injected as a bolus peripherally at 1 mcg/kg (maximum 100 mcg) and post-CRH samples are obtained from each port at 3, 5, 10, and 15 minutes. Blood samples are immediately placed into lavender-top EDTA-containing tubes and placed on ice. Processing of the blood, including centrifugation and plasma decantation should occur within one hour and samples are analyzed immediately or frozen until ACTH assay.
Many corticotroph adenomas are susceptible to stimulation by CRH, and this has been exploited to increase the sensitivity of BIPSS. It should be noted that two different forms of CRH, ovine CRH (oCRH) and human CRH (hCRH), have been used in the various reported studies of CRH stimulation. A report by Nieman et al. compared the responses in 15 patients with Cushing's disease following stimulation with ovine and human CRH and found the peripheral ACTH and cortisol responses to ovine CRH were significantly higher than with human CRH (17) .
BIPSS DATA INTERPRETATION
Simultaneous measurements of ACTH levels in the systemic circulation (peripheral) and in each inferior petrosal sinus (central) are used for calculations. Ratios are calculated at baseline and at each time point after CRH injection, between the left IPS and periphery and between the right IPS and periphery. Of note, the inferior petrosal sinus time point with the highest central to peripheral ACTH ratio is used for interpretation. Based on the largest published series of BIPSS data, established criteria for a central (pituitary) source of excess ACTH are a pre-CRH stimulation central:peripheral ratio ≥ 2.0 OR a post-CRH stimulation ratio ≥ 3.0 (18) . By convention, a "positive" BIPSS represents centralization, i.e. a pituitary source of ACTH excess; whereas a "negative" BIPSS represents an ectopic source of ACTH. Examples of typical BIPSS data in pituitary and ectopic Cushing's are shown in table 3.
BIPSS TESTING CHARACTERISTICS
The initial studies of BIPSS suggested near-perfect sensitivity and specificity. As further reports of BIPSS series have been published, diagnostic errors have surfaced. Many of these suggest that errors may be attributed to an inability to access the inferior petrosal sinus, either due to technique or individual anatomy. Reports of diagnostic accuracy may not include data from sampling that has been deemed inadequate or may exclude patients in whom the final diagnosis is unknown. This must be considered when interpreting the resulting data and will lead to lower actual sensitivity of BIPSS in clinical practice. As data continue to accumulate on the accuracy of BIPSS, most studies suggest a high degree of specificity with lesser sensitivity. BIPSS series show the following ranges: sensitivity of 88-100% and specificity 67-100% (2, 7, 8) .
As the pre-test probability of a pituitary source of Cushing's syndrome is high at approximately 70% (7), small decrements in sensitivity will significantly (8) . Thus, following a negative BIPSS and a comprehensive radiologic work-up that does not reveal a source of ectopic ACTH production, consideration should be given to transsphenoidal exploration by a highly experienced pituitary surgeon, particularly in the setting of suggestive pituitary MRI findings.
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One report highlighted two sources of false positive BIPSS results. The rare entity of ectopic CRH production may confound BIPSS testing, as the data will suggest a pituitary source due to pituitary corticotroph hyperplasia (8) . A peripheral CRH level measurement may be helpful in patients with the appearance of hyperplasia on pituitary MRI or in those with persistent hypercortisolemia following transsphenoidal resection and no evidence of adenoma on pathologic assessment.
A second potential cause of decreased specificity is performance of BIPSS in individuals with an adrenal source of cortisol excess. The presence of adrenal nodularity on abdominal imaging may be due to primary adrenal disease or stimulation by elevated ACTH levels. Although ACTH is usually completely suppressed in adrenal Cushing's, levels in the low normal range may be present in some patients with adrenal Cushing's and this can incorrectly indicate that the hypercortisolemia is ACTH-dependent. Peripheral CRH testing and high dose dexamethasone suppression tests have been utilized in this situation. In the setting of adrenal Cushing's there is a lack of ACTH or cortisol response to CRH and lack of cortisol suppression by dexamethasone (2, 19) . BIPSS in the setting of adrenal Cushing's shows low absolute ACTH levels but may reach criteria for pituitary Cushing's due to the low value in the denominator of the ratio calculation, producing a false positive result. For example, a maximum central ACTH value of 10 pg/mL, with a peripheral value of 1 pg/mL was noted in a patient with adrenal Cushing's. This yielded a ratio of 10, thereby misclassifying the patient as having pituitary Cushing's (8).
BIPSS FOR CORTICOTROPH ADENOMA LATERALIZATION
Since corticotroph adenomas may be small, techniques to pinpoint the lesion within the sella can be helpful for resection guidance. In some cases, MRI findings are unequivocal, such as in the case of macroadenomas. However, in the absence of an obvious lesion on MRI or during surgical exploration, additional information gained from the BIPSS may be useful. Calculation of a side-to-side IPS ratio has been employed to predict the tumor site within the pituitary gland. An interpetrosal gradient between right and left inferior petrosal sinus ACTH levels before and/or after CRH stimulation can suggest the side where the adenoma might reside. Criteria for lateralization have been proposed, with a side-to-side gradient ≥ 1.4 before or after CRH stimulation indicating a lateral lesion and a gradient < 1.4 indicating a midline lesion, with approximately 70% accuracy. The highest side-to-side gradient is chosen for this calculation (18) . However, the usefulness of lateralization prediction has been questioned, with accuracies ranging from 50 to 100% (2) . Incorrect lateralization may be due to asymmetric pituitary venous drainage, which may be found in up to 40% of individuals (16, 20) . However, if venous drainage has been shown to be symmetric with venous angiography and there is an interpetrosal ACTH gradient without an obvious lesion on MRI or during surgical resection, hemihypophysectomy on the side with higher ACTH may be indicated.
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BIPSS CONFOUNDERS
As described above, an accurate BIPSS requires suppression of normal pituitary corticotroph ACTH production. Table 4 lists situations in which there may be inadequate suppression of ACTH from normal corticotrophs. The inability to sample adequately from the inferior petrosal sinus, either due to technical difficulty or due to aberrant venous drainage (21), can prevent the correct prediction that the ACTH-secreting tumor is in the pituitary gland (table 4) .
BIPSS RISKS
Risks of BIPSS are uncommon; however, there are potential adverse events. The most common complication is groin hematoma, occurring in 3-4% (14) .
As the BIPSS procedure involves infusion of iodinated contrast material, there is a risk of acute renal insufficiency that may be exacerbated by pre-existing renal insufficiency or hypovolemia, so measurement of BUN and creatinine is recommended prior to the procedure. Heparin is frequently infused following the insertion of sampling catheters to prophylax against cavernous sinus thrombosis. Thus, pre-procedure assessment of the coagulation system, platelets, and hematocrit is suggested. Additional concerns include radiation exposure during fluoroscopy, heparin-induced thrombocytopenia, and catheter-related infections. The placement of the catheter may cause discomfort, headache, ear pain, or hearing noises. Explaining to the patient in advance that these may occur can prevent anxiety during the procedure. Very rare complications have included deep venous thrombosis and pulmonary thromboembolism (22, 23) , pontocerebellar junction stroke (24), brain stem injury (25) , cranial nerve palsy (26) , and venous subarachnoid hemorrhage and obstructive hydrocephalus (27) . Neurologic complications may be due to variant venous anatomy or specific catheter use and at least one report suggests that adverse sequelae may be minimized or averted if the BIPSS is aborted upon development of new neurologic signs or symptoms (25) .
ALTERNATIVE BIPSS STRATEGIES
While sampling from the inferior petrosal sinus provides the highest sensitivity, it is a technically challenging procedure. At institutions without experience in this procedure, it may be reasonable to proceed with advancing femoral catheters only as far as the internal jugular veins, known as jugular venous sampling (JVS). A study compared the two procedures, performed in the same subjects on separate days, in a population of patients with Cushing's syndrome (n = 74 for pituitary source and n = 11 with ectopic source). Different central to peripheral ACTH ratio cut-off values were used. For BIPSS, ratios of > 1.6 pre-CRH and > 2.5 post-CRH were classified as pituitary Cushing's. For JVS, ratios of > 1.7 pre-CRH and > 2.0 post-CRH were classified as pituitary Cushing's. Using these criteria, the test was 100% specific for both techniques, 94% sensitive for BIPSS, and 83% sensitive for JVS (9) . A similar study using standard cut-offs of ≥ 2.0 pre-CRH and ≥ 3.0 post-CRH showed sensitivities of 94% and 81% for BIPSS and JVS, respectively (28) . Thus JVS may be a reasonable first step in centers without expertise in BIPSS. The lower sensitivity of JVS suggests that results indicating an ectopic source may be incorrect; therefore follow-up options include: referral for BIPSS or performance of a detailed radiologic assessment for an ectopic source. In the absence of a demonstrable ectopic source, exploratory pituitary surgery may be indicated if an expert pituitary surgeon is available.
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Conversely some centers have reported improved accuracy and intra-sellar localization by sampling more proximally, from bilateral cavernous sinuses (29, 30) . However, increased risk of cranial nerve palsy with cavernous sinus sampling has been reported (20) and this procedure is not performed at most centers.
The most likely cause of a false-negative BIPSS is the inability to sample bilateral pituitary venous effluent adequately. In the setting of non-centralizing BIPSS results, verification of adequate sampling is valuable. This is generally obtained by reviewing the radiologic films to confirm appropriate catheter placement and standard venous anatomy via angiography. Biochemical confirmation of adequate sampling may be possible by assessing concurrent levels of other anterior pituitary hormones. For example, during BIPSS a central prolactin to peripheral prolactin ratio close to 1.0 may suggest inadequate sampling and if the ACTH results suggest an ectopic location, it may represent a false-negative result with consideration given to transsphenoidal exploration (31) . However, previous studies of basal anterior pituitary hormone secretion did not suggest that normalization improved sensitivity of BIPSS testing (32) . Further study of this approach would be valuable.
Methods for improving the sensitivity of BIPSS have been explored. Injection of desmopressin (10 mcg intravenous) alone (33) or concurrently with hCRH has been examined for its ability to increase the stimulation of ACTH release by corticotroph adenomas. Following hCRH and desmopressin injection, a post-stimulation central:peripheral ACTH ratio of > 2.0 produced a sensitivity of 97.9% and specificity of 100% for Cushing's disease (34) . Pre-treatment with metyrapone for 24 to 48 hours prior to BIPSS, to increase pituitary ACTH output, has been explored and may increase sensitivity when CRH is not available (35) .
While it is appropriate to rule-out pseudoCushing's prior to utilizing the BIPSS technique to distinguish between pituitary and ectopic Cushing's, in occasional patients the distinction between trueCushing's and pseudo-Cushing's may be difficult. In these instances, assessment of central CRH levels could theoretically be helpful in distinguishing between the two disorders. Unfortunately, CRH levels in the inferior petrosal sinuses were at or below the limits of detection of the CRH assay in normal individuals, those with pseudo-Cushing's, and Cushing's disease, even when opiate and benzodiazepine sedation was withheld (36) .
CONCLUSION
At present, there is not a single test, or series of tests, that can definitively locate the tumor source in ACTH-dependent Cushing's syndrome with 100% accuracy. In the absence of BIPSS availability, pituitary imaging and dynamic testing with agents such as dexamethasone, CRH, desmopressin and metyrapone remain the standard approach to diagnosis. In patients without a suggestive pituitary lesion on MRI of greater than 1 cm in size, inferior petrosal sinus sampling provides excellent specificity and higher sensitivity than other available biochemical testing strategies. In individuals with a centralizing BIPSS, surgery by an expert pituitary surgeon is indicated. In the absence of a centralizing BIPSS, a thorough radiologic assessment for an ectopic tumor may reveal the ACTH source; however, due to the high pre-test probability of pituitary Cushing's disease, in the absence of an ectopic source, pituitary exploration may be considered. Further study is necessary to refine the best testing strategy for ACTH-dependent Cushing's syndrome, including non-invasive biochemical tests, radiological imaging, and invasive tests such as BIPSS.
